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Method for the separation of residual gases and working 
fluid in a combined cycle water/steam process 

The invention relates to a method for the separation of 
5 residual gases and working fluid in a combined cycle 



as working fluid and other liquid and/or gaseous fuels, 
provides for multi-stage compression of the working 
fluid and multi-stage expansion of the mixture 

10 consisting of working fluid and reaction products of 
the other liquid and/or gaseous fuels, the energy 
supply in the form of fuels being provided directly 
before or at the blading of selected turbine stages. 
Such technical solutions are required in the production 

15 of useful energy by means of the WDK process using 
additional fuels as primary energy carriers. 

For broad practical application, the combined cycle 
water/steam process, which is known per se, has the 

20 disadvantage that only pure hydrogen can be used as 
fuel gas for efficient internal combustion. In an 
actual combustion process, residual gases are formed to 
a greater or lesser extent in addition to steam, which 
affect the WDK process as far as materials and/or 

25 safety are concerned. Previously known technical 
solutions involve channeling such residual gases out as 
required, with great technical complexity, at several 
exposed plant locations, if necessary accepting losses 
of the working fluid, steam. According to the technical 

30 solution described in EP 1 038 094 Bl, hydrogen and 
oxygen are used as primary energy carriers directly at 
the blading of the high-pressure turbine stage. If use 
is made of natural fossil fuels, such as fuel oil or 
natural gas, residual gases which differ qualitatively 

35 from the working fluid are formed as combustion 
products . 



water/steam process ( "WDK process") which, using steam 
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In this way, major impairment of the steam power 
process can occur because increasingly high residual 
gas concentrations are included in the process without 
being involved in the steam power process. If 
5 contaminated fuels are used, for example sulfur- 
containing fuels, corrosive impairment is additionally 
possible. Without energy gain, residual gases included 
in the WDK process have to be compressed and conveyed 
and thus reduce the energy efficiency of the WDK 
10 process. Reliable technical solutions for eliminating 
these shortcomings of the prior art are as yet not 
known . 

The object of the invention is therefore to produce a 
15 technical solution with the aid of which the 
shortcomings of the known prior art can be overcome, in 
particular to develop a process engineering solution 
which is suitable for minimizing working fluid losses 
and at the same time minimizing the useful energy 
20 additionally required. 

According to the invention, the object is achieved by 
the features of claim 1. Advantageous developments are 
described in the subclaims. Accordingly, a method for 

25 the separation of residual gases and working fluid in a 
combined cycle water /steam process (WDK process) 
provides for the use of steam as working fluid and of 
other liquid and/or gaseous fuels. In this connection, 
the working fluid is compressed in multiple stages, and 

30 the mixture consisting of working fluid and reaction 
products from the additional liquid and/or gaseous 
fuels used is expanded in multiple stages. The energy 
supply in the form of additional fuels is in this 
connection provided directly before or directly at the 

35 blading of selected turbine stages. The expanded gas 
from the high-pressure turbine stage is subjected to a 
cooling process before being compressed again. The 
cooling of the expanded exhaust gases from the high- 
pressure turbine stage is carried out at least to the 
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condensation temperature of the steam contained in the 
exhaust gas. 

The uncondensed parts of the exhaust gas from the high- 
pressure turbine stage are then carried off from the 
5 WDK process. The condensation of the working fluid, the 
leading-off of uncondensed residual gases from the 
process, the expansion of the working fluid condensate 
and the evaporation of the condensed working fluid are 
carried out in a residual gas separator, which is 
10 connected upstream of the multi-stage turbocompressor 
and the low-pressure turbine stage. 

In a particular embodiment of the invention, the 
cooling process of the exhaust gas leaving the high- 

15 pressure turbine stage is carried out in multiple 
stages. In the heat exchanger, part of the energy 
content of the expanded exhaust gas leaving the high- 
pressure turbine stage is supplied to the compressed 
working fluid. In the condensate preheater, another 

20 part of the energy content of the expanded exhaust gas 
leaving the high-pressure turbine stage is transferred 
to the condensate obtained. The remaining cooling of 
the working fluid/exhaust gas mixture to the saturation 
temperature of the working fluid is carried out in the 

25 low-pressure steam/exhaust gas cooler directly before 
the residual gas separator. For reasons of efficient 
use of the process energy, the evaporation heat 
required for converting the condensate into the 
expanded working fluid is obtained at least partly from 

30 the condensation heat to be dissipated of the 
previously condensed working fluid. 

The advantages of the method consist in essence in the 
technical solution now available of as of now carrying 
35 out the WDK process, which is in itself superior in 
terms of energy and is preferably carried out using 
oxyhydrogen gas as primary energy carrier, with the aid 
of other suitable primary energy carriers as well. Such 
primary energy carriers are, for example, natural gas 
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or biogenic or synthetic fuel gases, which when used 
lead to reaction products which are only partly 
identical with the working fluid. The substances 
contained in the exhaust gas which differ qualitatively 
5 from the working fluid have to be removed continuously 
from the process in order to maintain an energy- 
efficient WDK process. This is now achieved with 
minimal outlay in terms of apparatus and process 
engineering by the residual gas separator proposed, 
10 which is applied directly before the turbocompressor 
and the parallel-connected low-pressure turbine stage. 

The invention is to be explained in greater detail 
below with reference to an illustrative embodiment. 

15 

In the accompanying drawing, 

Fig. 1 shows a block diagram of selected components of 
a plant for carrying out the WDK process, and 

20 

Fig. 2 shows a diagrammatic illustration of the 
pressure/temperature characteristic for steam 
in the range of the parameter field used by the 
residual gas separator. 

25 

Illustrative embodiment: 

According to Figures 1 and 2, expanded steam 1 is 
supplied to both a turbocompressor 15 and a low- 

30 pressure turbine stage 22. Turbocompressor 15, low- 
pressure turbine stage 22, high-pressure turbine stage 
19, generator 29 and starting motor 28 are arranged on 
a common shaft 32. Compressed steam 2 is produced and 
supplied to the high-pressure steam cooler 16 by the 

35 turbocompressor 15. Preheated condensate 14, which is 
delivered by the condensate pump 24, is also fed into 
this high-pressure steam cooler 16. The compressed, 
cooled steam 3 passes from the high-pressure steam 
cooler 16 into the heat exchanger 17. In the heat 
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exchanger 17, part of the sensible heat of the expanded 
exhaust gas 6 from the high-pressure turbine stage 19 
is transferred to the cooled steam 3. Superheated steam 
4 now leaves the heat exchanger 17 and is supplied to 
5 the heater 18. In the heater 18, natural gas 26 and 
oxygen 27 are combusted, so that a mixture consisting 
of superheated steam 4 and the reaction products from 
the fuel gas reaction 26 and 27 now leaves the heater 
18. This mixture 5 passes into the high-pressure 
10 turbine stage 19, with the aid of which the mechanical 
energy imparted to the common shaft 32 is taken from 
the mixture 5. The expanded exhaust gas 6 from the 
high-pressure turbine stage 19 first passes into the 
heat exchanger 17. 

15 

The partly cooled expanded exhaust gas 7 from the high- 
pressure turbine stage 19 is conducted from the heat 
exchanger 17 to the condensate preheater 20. There, 
another part of the sensible heat of the expanded 

20 exhaust gas 6 leaving the high-pressure turbine stage 
19 is transferred to the condensate 13. The further 
cooled turbine exhaust gas 8 passes from the condensate 
preheater 20 to the low-pressure steam/exhaust gas 
cooler 21, with the aid of which, using proportions of 

25 the condensate 13, turbine exhaust gas 9 cooled to the 
saturation temperature is obtained. This cooled turbine 
exhaust gas 9 is supplied to the residual gas separator 
10 at a pressure of 1.2 bar and a temperature of 
104.78°C. The steam contained in the turbine exhaust 

30 gas 9 condenses on the condensation surfaces. The 
uncondensed residual gas quantities 25 and the 
condensate obtained are expanded to 1.0 bar by 
throttling fittings, the condensate being cooled to a 
temperature of 99.61°C. On the evaporator side of the 

35 condensation surfaces of the residual gas separator 10, 
the expanded condensate is then evaporated, the 
evaporation heat being taken from the condensation 
surfaces to which the condensation heat of the steam 
supplied to the residual gas separator 10 is 
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transferred. The steam 1 supplied to the low-pressure 
turbine stage 22 leaves the low-pressure turbine stage 
22 as expanded steam 11 and passes into the condenser 
23. After the condenser 23, the condensate obtained 
5 there is conveyed by the condensate pump 24 and 
supplied in selectable proportions in parallel to the 
condensate preheater 20, the low-pressure steam/exhaust 
gas cooler 21 and the turbine cooling system 30. After 
the condensate pump 24, surplus condensate is 
10 preferably removed from the condensate conveying system 
via the drain 31. 
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Reference number list 



1 expanded steam before the turbocompressor 15 and 
before the low-pressure turbine stage 22 

5 2 compressed steam before the high-pressure steam 
cooler 16 

3 compressed steam before the heat exchanger 17 

4 superheated steam after the heat exchanger 17 

5 mixture after the heater 18 consisting of 
10 superheated steam and the reaction product from 

the fuel gas reaction 

6 expanded exhaust gas from the high-pressure 
turbine stage 19 

7 expanded exhaust gas from the high-pressure 
15 turbine stage 19 after the heat exchanger 17 

8 cooled turbine exhaust gas after the condensate 
preheater 20 

9 cooled turbine exhaust gas after the low-pressure 
steam/exhaust gas cooler 21 

20 10 residual gas separator 

11 expanded steam after the low-pressure turbine 
stage 22 

12 condensate after the condenser 23 

13 condensate after the condensate pump 24 

25 14 preheated condensate before the high-pressure 
steam cooler 16 

15 turbocompressor 

16 high-pressure steam cooler 

17 heat exchanger 
30 18 heater 

19 high-pressure turbine stage 

20 condensate preheater 

21 low-pressure steam/exhaust gas cooler 

22 low-pressure turbine stage 
35 23 condenser 

24 condensate pump 

2 5 residual gas 

26 fuel gas 

27 oxygen 
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28 starting motor 

29 generator 

30 turbine cooling system 

31 surplus condensate drain 

5 32 common shaft of turbine, compressor and generator 



